Abstract
Introduction

57
Myocardial reperfusion may precipitate cell death within minutes of restoration of blood 58 flow (27) . The occurrence of a sudden change in the permeability of the mitochondrial 59 membranes (mitochondrial permeability transition or MPT), favored by oxidative stress 60
and Ca 2+ overload, may arrest mitochondrial respiration and induce necrotic death of 61 cardiomyocytes (10; 12). This phenomenon has been shown to play a central role in 62 reperfusion-induced necrosis, as demonstrated in studies in which pharmacological or 63 genetic inhibition of MPT susceptibility limited infarct size (3; 7; 24 (1; 36; 40). Hypercontracture is energy-dependent (2; 35) and has been shown to 75 contribute to reperfusion-induced myocardial necrosis (4; 19; 27) . The histopathology 76 of reperfused myocardial infarcts is characterized by the presence of areas of 77 contraction band necrosis reflecting cardiomyocyte extreme cell shortening or 78 hypercontracture occurring within minutes of reperfusion (4), and pharmacological 79 contractile inhibition during the initial minutes of reperfusion markedly reduces infarct 80 size in a variety of models (15; 33; 37; 39 proposed that the interplay between SR and mitochondria is involved in the propagation 89 of Ca 2+ waves in cardiomyocytes, and in apoptotic and necrotic death in other cell types 90 (6; 11). However, the role of SR-mitochondria interplay in reperfusion-induced 91 cardiomyocyte death has not been previously reported. In the present study we 92 investigated the hypothesis that SR Ca 2+ cycling may directly favor MPT through SR-93 mitochondrial interplay. 94
95
Methods
96
Simulated ischemia-reperfusion in adult rat cardiac myocytes 97
To obtain isolated cardiac cells principles of laboratory animal care (Guide for the Care 98
and Use of Laboratory Animals published by the United States National Institute of 99 Health, NIH Publication No 85-23, revised 1996) were followed, and the procedure was 100 approved by the Research Commission on Ethics of the Hospital Vall d'Hebron. Rat 101 cardiac myocytes were isolated as previously described (30). Briefly, adult Dawley male rats (300g) were deeply anesthetized by an intraperitoneal injection of 103 sodium pentobarbital (150mg/Kg), heart was rapidly excised, cannulated by the aorta in 104 a Langendorff system and retrogradely perfused for a 20min with a modified Krebs 105 buffer (in mmol/L: NaCl 110, KCl 2.6, KH 2 PO 4 1. 
Changes in cell length 119
Changes in cell length were measured at the end of simulated ischemia and at 10min of 120 simulated reperfusion. Rigor shortening was defined as a >30% reduction of cell length 121 with respect to baseline conditions with preservation of square-shaped geometry; 122 hypercontracture was defined as >60% of shortening with respect to the initial cell 123 length with concomitant morphological distortion of cell geometry (round-shaped 124 morphology). The number of rod-shaped, rigor and hypercontracted cells was expressed 125 as % with respect to the total cell number. 126
127
Mitochondrial membrane potential (ΔΨm) during simulated ischemia and 128 reperfusion 129
Isolated cardiac myocytes were loaded for 10min at 37ºC with 10µmol/L JC-1 130 (Molecular Probes, USA) and excited at 488nm using an Ar/Kr laser confocal system 131 (Yokogawa CSU10, Nipkow spinning disk), set on an Olympus IX70 (VoxCell Scan, 132 Visitech, UK) at X60. Green and red emission fluorescence were detected at 520nm and 133 590nm, respectively, using 2 digital CCD cameras (Hamamatsu, Japan). Changes in JC-134 1 ratiofluorescence were calculated using commercially available software (VoxCell 135 Scan, Visitech, UK) under baseline conditions, at the end of simulated ischemia, and 136 throughout reperfusion, and ΔΨm was expressed as % of JC-1 ratiofluorescence 137 (590/520nm) with respect to baseline conditions. As a reference, maximal 138 ratiofluorescence decrease was obtained by 5min incubation with 200µmol/L 139 dinitrophenol (DNP, maximal depolarization). 140
141
Mitochondrial permeablity transition induced by simulated reperfusion 142
MPT was monitored in cardiomyocytes loaded for 30min with 5µmol/L calcein-AM at 143 37ºC followed by 10min incubation with 1mmol/L CoCl 2 to quench cytosolic and 144 nuclear fluorescence, as previously described (25), and submitted to simulated ischemia 145 and reperfusion. MPT was detected as a CsA-sensitive decrease in calcein fluorescence 146 (Ex:488nm/Em:525nm) during reperfusion using an Ar/Kr laser confocal system 147 (Yokogawa CSU10, Nipkow spinning disk), set on an Olympus IX70 (VoxCell Scan, 148 Visitech, UK) at X60. Figure 7B ). These data are against a direct effect of SR blockers on 338 mitochondrial Ca 2+ transport. and mitochondria by a genetically truncated isoform of SERCA-1 may protect against 415 apoptotic cell death (6). According to these observations, a recent report showed that 416 increasing SR Ca 2+ content by transcriptional upregulation of the proapoptotic bcl-2 417 family protein NIX exacerbates SR-mitochondrial Ca 2+ transfer producing an apoptotic 418 cardiomyopathy in mice (11). However, to our knowledge this is the first study 419 describing a direct effect of SR in MPT and cell death in intact cardiac myocytes in the 420 context of ischemia-reperfusion injury. We first provided evidence that alterations in SR 421 Ca 2+ handling were sensed by mitochondria, and that blockade of SR Ca 2+ uptake and 422 release with thapsigargin/ryanodine slowed mitochondrial Ca 2+ uptake, an effect that 423 cannot be explained by a direct action of these drugs on mitochondria, because it was 424 not observed when using purified mitochondrial preparations. Addition of SR Ca 
